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Preface to the Gennaii Edition. 



The following work is, so far as I am aware, 
the first attempt to present the applications of 
statics to the constructions most frequently- 
appearing in technical work, in a comprehensive 
and easily graspable manner. 

As a model, I have taken that excellent work 
"Lehmanns Hand-Atlanten ftir Medizin". I star- 
ted with a clear recognition of the fact, that 
few practical men find it to their taste to gather 
the requirements of the moment from complicated 
and often obscure directions, such as occur in 
the present works of reference. This process is 
not only irksome to a degree, but it involves 
the expenditure of much valuable time. 

I have accordingly made it the goal of my 
endeavours, to place in the hands of Engineers 
a practical book, which will enable them to 
carry out any desired statical calculation with 
ease and rapidity. 

To the business man also is the work of 
great use, especially for estimates, designs, and 
rapid general supervision. 

The compendium of tables at the end of the 
work has been added on purely practical grounds, 



4 Preface. 

and will certainly spare the possessor of the 
book an infinity of labour. 

The "Reference Book'' is not designed to teach, 
but to inform, and to give insight into the em- 
ployment of force-diagrams in all ordinary cases. 

It is to be hoped that the labour has not 
been in vain. 

For my trouble there could be no greater 
reward than that the "Reference Book of Stati- 
cal Calculations" should meet with a favourable 
reception by fellow-workers, fulfilling thus its 
earnest purpose of furthering individual and 
collective progress. 

Fbankfobt on the Maine, 1. April 1903. 

The Author. 



Preface to the English Edition. 

The universal approbation which the first 
edition of this book has met with in Germany 
and France, has convinced me of the fact that 
my work has not only aroused appreciative interest, 
but has also satisfied practical requirements. 

I have therefore much pleasure in conforming 
to a widely expressed desire and presenting to 
my fellow workers in Great Britain and the 
British Colonies a translation of my work. 

I hope that the "Rapid Statics" may prosper 
and widely extend itself in these lands also. 

Frankfort on the Maine, 1. July 1905. 

The Author. 
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Hints to Headers. 

The Statical Calculation for a bridge is 

always begun by the Calculation of the Road- 
way, and then, step by step, the weight of the 
Roadway platform and the longitudinal and 
cross beams and of the footways is ascertained 
before the examination of the chief beams is 
begun (for which see illustration pages 119 a, b). 

In the Statical Calculation for a Roof the 
external forces acting on the joints are taken 
as a basis. 

These forces are easily found from the suppor- 
ting level, which is usually shown by the span of the 
trusses, and from the interval between the trusses. 

The supporting capacity of the roof per square 
meter is to be found on page 121. 

The advantage for readers consists in the 
fact that, in the force diagrams, the points of 
intersections of the series are designated by 5q, 
Sj^t s^ etc. The starting point 8^ is, for the sake 
of clearness, marked (o). 

Hence it is at once perceived how any de- 
sired force-diagram may be easily and quickly 
constructed. 

E. g. The reader desires to know what are the 
stresses in a parallel beam; he sees the required 
heading noted in the index under p. 66. 



12 Hints to Readers. 

The scale of forces is 1 mm = 100 kg. 

Thus the Diagonal stress -\- D^ represented 
by the length s^ s^ amounts to 36 • 100 = 3600 kg. 

Tensions are denoted by the -[-» ^-nd thrusts 
by the — sign. 

The list at the end of the book enables the 
reader to obtain at once exact estimates for 
more advanced calculations. 

The Tables for Iron Sections correspond exactly 
to those in the "Deutsches Normal-Profil-Buch fur 
Walzeisen" latest Edition 1897. Jos. La Ruelle, 
Aachen. 
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Table of moments of Inertia and resistance 
of the cross sections most In use. 
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of the cross sections most in use. 
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Formula for bending most in usd. 
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Formula lor bending most in use. 
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22 Diagonal forces and moments of application 



Diagonal forces and moments of application 
for the simple girders (beams). 



1. Constant direct load working hj single forces. 




N— // 



Scale: 1 nvm = lOO kg* 

Pig. 29—81. 



for the simple girders (beams). 23 



External forces: 

The single forces P^, P^ andPgjOf lOOOkgeach. 

Constraction of the polygon of forces and 
funicular polygon: 

Set off the forces P,, P^, P3 in the force 
diagram, take the Pole at any point, and 
construct the funicular polygon 5q, s^, s^ with 
one angle at the point A^. Close the polygon 
with the line A^ P^. 

From in the force diagram draw to its 
point of intersection t a line parallel to A^B^y 
then the distances at and td will represent the 
reactions at A and B. 

The moment for any desired distance is 
M=H'y. 

In this fl" is the polar distance, and y the 
perpendicular height of the funicular line for 
the cross section in question. 

The diagonal forces are represented by the 
distances of the points a, &, c, d from t. 

The diagonal force at each point of support 
is equal to the reaction of the support. 

The moment of resistance of the girder is : 

rrr ^ 

See page 28. 
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Diagonal forces and moments of applicatdon 



2. Digtributed load. 
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Scale: 1 mm ■» lOO kg. 

Pig. 82—36 



for the simple girders (beam). 25 



External forces: 

An nneyenly distadbuted load (Fig. 32). 

Gonstmction of the polygon of forces and 
funicnlar polygon: 

Suppose the load acts as P^ and P,, describe 
on them the polygon of forces and fnnicular polygon. 

The pressures at A and B are determined 
by the closing line and its parallel in the dia- 
gram of forces. 

For an equally distributed load p^l we ob- 
tain as the funicular line is a parabola; if H= 1, 
P'l^ 

^^ = -8"- 

The surface of the diagonal force is boun- 
ded by a straight line ac (Fig. 34). 



26 Introdactorj- Notior to the foroe diagrams. 



IntrodQctorjr Note to the force diagrams. 





Introductory Note to %h.e force dingrams. 27 



The chief principles are as follows: 

1, The external and internal forces at each 
joint must be in equilibrium, and will 
therefore be geometrically represented by 
a closed polygon. 

2. In this polygon the direction of the forces, 
i. e. the sign, is found when we consider 
the same to be always going in one sense. 

Take as example the simple truss pp. 2& and 4i^. 

At the joint A, A P^^ 0^ and JJ^ mu6t be 
in equilibrium, the corresponding polygon being 
closed, i. e. the polygon s^as^s^s^ (a ^q falls 
on s^ a as only vertical forcfBs ape taken). In 
going through this polygon, we must begin with 
a force of which we know the direction, say A^ 
which acts upwards. Then we must proceed in a 
fixed order, according as the forces act on the 
joint; first -4, then P^, then 0^ and TJ^ (notfor* 
ex. Ay Oj, P^, Dj etc.). : , 

If we therefore continue with A^ beginning 
from s^ outwards to a, then from a to s^ (P^), 
from ^0 to 8^ (OJ, and from s^ back to 5^, we 
obtain the following directions (shown by ar- 
rows) i. e. the force 0^ acts towards the joint, 
and to it .there corresponds a thrust (—r); the 
force Uj acts away from the joint, and is there- 
fore a tension (-f-) etc. 



28 ^6 calculfttions of Dimensions for single Bars etc. 

The Caleulations of Dimensions for single 

Bars etc 

The materials which are admissible and may 
be safely used are to be found in the table p. 124. 

The load P which a body of the cross section 
F can support with safety either as a tension 
or a thrust, is 

where k represents the load admissible for the 
unit of surface. In order that a body under 
a bending strain should resist the load sufficiently, 
the moment of flexion is 

M=W'k or W=^. 

k 

T 
The value W=— is called the moment of 

e 

resistance, T the equatorial moment of inertia 
of the cross section, e the distance of the fur- 
thest thready which is in a state of tension or 
compression. 

Owing to the smallness of its powers of re- 
sistance to tension, cast iron should not be 
used for this purpose. It is however very ser- 
viceable for supporting constant loads, and is 
often used for pedestals, columns etc. 

The single members of frameworks should 
only be submitted to either tensile, compressive, 
or buckling strains. The breaking point of a 
bar under a buckling strain, varies according 
to the mode in which its ends are fastened. 



The calculations of Dimensions for single Bars etc. 29 

For frameworks, girders, colnmns etc. the 
assumption generally holds, that both ends are 
free, and this corresponds to Euler's formula 

in which: 

E is the modulus of elasticity of the material 
(p. 125), 

T is the polar moment of in ertia of the cross section , 

I the length of the bar. 

n the factor of security. 

For approximate calculations we can make 
use of a well known empirical formula. 

For wood T=SO'l*'P (about 10 fold 

security) 
For cast iron r= 6-l^'P (about sextuple 

security), 
For wrought iron T^ 3'1^*P (about sextuple 
•security). 

It must always be taken into consideration 

whether a bar secure against buckling will suffice 
for the compression. 

The shearing force is P=k^'F in which 
Ar, = */^ the greater the value of k is for traction 
or pressure. 
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Simple Titun. 



I. Bridge Trasses. 



Simple Truss. 

(Trussed girder.) 



P-^ Zoookff, 




Au^40ookff. 



Scale: lOO kg =^2 tn/m. 
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S3 



Fig. 40—41. 



Simple Trus9. 3:1 



External forced: 

Single force P-= 2000 kg acting at the middle 
point of the upper bar. 

« 

Determinatioii of the stresses: 

P 
Set off the pressures A and B each =-^ 

in the diagram of forces, then draw from the 
starting point Sq parallel to the top chord 0^, 
and from the point h a parallel to the lower 
chord Z7, and the point of intersection s will 
be found. Then draw from h a parallel to U^ 
and from s^, a parallel to O,, and then the 
point of intersection s^ is obtained. The line 
joining the points of section s^ and s^ forms 
the vertical span 7^. 

For the calculation of the dimensions of 
the single bars see p. 28. 
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Double Truss. 



Doable Trass. 
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Doable Truss. 33 



External forces: 

Two equal forces, P^ and P^ 1000 kg each 
acting on the upper bar. 

Determination of the stresses: 

Set oflF the forces P^ and Pg, then draw from 
Sq a parallel to 0^ and from s^ a parallel to 17^, 
and the point of intersection 8^ is obtained. 

By drawing from ^^ a parallel to Fg ^^^ 
ft-om ^8 * parallel to Og, we obtain the point 
of intersection s^. 

Joining 8^ and 8^ we get the vertical force 
^i» ^2 ^s given by the length s^ 8^. 

Under equal forces the diagonals are free 
from the stress. 

For the calculation of the dimensions of 
the single bars see p. 28. 



Buff, Statical calculations. 
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Triple Truss. 



Triple Truss. 



A 



P^'^oookg. J^'^oook^ P^' 4009kg. 





Scale: lOO kg = 2 mm 

Fig. 44—45. 



Triple Truss. 35 



External forces: 

Three equal forces Pj P^ P3 each 1000 kg 
acting on the npper bar. 

Determinatioii of the stresses. 

Set off the forces P^ P^ Pg and the pressures 
A and B at the point of intersection 5^, draw 
from Sq a parallel to 0^, from ^^ a parallel to 
ZJ^, and the point of intersection s^ is obtained. 
Draw a perpendicular fi^om 8^ to 0^, the point 
of intersection s^ is obtained; by drawing ft'om s^ 
a parallel to X^^, the point of intersection s^ 
(upon Uj) is found. 

Continuing, draw from 5^ a parallel to U^ 
and from d a parallel to 0^, then from the re- 
sulting point of intersection s^ the parallel Fg, fi*om 
c a parallel to 0^ and from the point of inter- 
section s^f a parallel to D^, the point of inter- 
section Sf^ (upon CTJ is found. 5^5^ gives the stress 
Fg which is a pressure. 

For the calculation of the dimensions of 
the single bars see p. 28. 
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Triple truss, the lower members on each 



Triple truss, the lower members on each 
side not being in the same straight line. 



J^'ioooky: Pg'^iOi^okff. Il'^^eookg, 



A " ^300 kff. 




Scale: lOO kg = 2 mm. 



A 'iJOoAr^. 



Pig. 46—47. 



side not being in the same straight line. 37 



External forces: 

Three equal forces P^, Pg, Pg, each 1000 kg 
acting on the upper bar. 

Determination of the stresses: 

Set off the forces P^ and ^I^Pqi draw from 
Sq a parallel to 0^, and from 5^ a parallel to ?7j, 
thus obtaining s^. 

The parallels from s^ to 7^ and h to 0, in- 
tersect at ^3. 

If from Sg a parallel to Z>^, and ftom s^ a 
parallel to U, is drawn, the point of intersec- 
tion 8^ will be found. 

The lines from ss^ parallel to 7,, and from 
s^ parallel to ZT^, intersect at s^. 

For the calculation of the dimensions of the 
single bars see p. 28. 
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The simple stmt frame^ 



II. Stmt frames. 



The simple strut frame. 



P-iOOO 




Scale: 3 mm ==: lOO kg 



Fig. 48—49. 



The simple strut frame. 39 



External forces: 

A single force P= 1000 kg, acting at the 
middle point. 

Determination of the stresses: 

Set off the force P in the force diagram, 
draw from Sq a parallel to 8, and from s^' a 
parallel to /S^, and the point of intersection s^ 
is obtained. 

If we draw from Sq a horizontal and from 
^2 a vertical line, the point of intersection s^ is 
obtained. 

The straight lines Sq ^g and s^ s^ represent 
respectively the horizontal force H and vertical 
force 7. 

The thrust in the strut is: 

S = ;; . 

2 • sm a 

For the calculation of the dimensions of the 
single bar forces see p. 28. 
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The double strut frame. 



The double stmt frame. 
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Scale: 2 mm = lOO kg. 
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Pig. 50—51, 



The double strut frame. 41 



External forces: 

Single force P^ = 1000 kg, P, = 1000 kg. 

Determination of the stresses: 

Set off the forces P^ and Pg in the diagram 
of forces, draw from $q a parallel to S, and 
from s^ a parallel to S^, then the point of inter- 
section s^ will be obtained. 

A straight line from s^ through a gives us 
the thrust H^. 

If we draw from s^ a horizontal and from 
^3 a vertical line, we obtain the point of inter- 
section ^3. 

The straigth lines Sq s^ and 8^ s^ represent 
the horizontal and. vertical forces H and 7. 

The thrust in the struts and straining 
beam is 

P P 

S = 4^ et fli=-^. 
sm a ^ tg a 

For the calculation of the dimensions of 

the single bars see p. 28. 



42 Boof Trusses with the principal rafters unbraced. 



III. Boof Construction. 



Roof Trasses with the principal 
rafters unbraced. 
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Senie: 2 mm = lOO kg. 
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Fig. 52—58. 



Boof Trusses with the principal rafters unbraced. 43 



External forces: 

p^ = 1000 kg, Pg = 2000 kg, Pg = 1000 kg 
acting on the upper bar. 

Determination of the stresses: 

Set off the forces P^ and ^/^ Pg in the force 
diagram, draw from Sq a parallel to Oj^, and 
from s^ a parallel to Z7^, thus obtaining the point 
of intersection s^. 

If we now draw a parallel from s^ to Vj^, and 
from 5^ to U^, we obtain the point of intersec- 
tion 5g. 

Joining $^ and s^ we get the vertical force 

For the calculation of the dimensions of the 

single bars see p. 28. 



44 Trusses with the principal rafters unbraced. 



Trusses with the principal rafters unbraced, 

Wind pressnre being taken into account. 




Scale: 
lOOhg^Smm. ^ 



Fig. 54-55. 



Trusses with the principal rafters unbraced. 45 



External forces: 

Due to their dead-weight P^ and Pg are each 
of 500 kg, Pg = 1000 kg; due to the wind pres- 
sure W^ and TTg are each of 300 kg. 

The wind acts on one side only (the left). 
The forces on the left side are oblique, (P'l and 
P'2 are the results of the deadweight P^^ and P^ 
and the windpressure W^ and W^). 

Determination of the stresses: 

Set off the forces P^ and W^ in the diagram 
of forces proceeding from the point $; we ob- 
tain thus the resulting force P\ in direction and 
magnitude. Then set off the forces Pg and W^ 
from Sqj and from s^ Pg. From the points s, 
^o> h* h *^^ ^6 ^® draw radii to any pole 0, 
thus determining the reactions A and B by 
means of the funicular polygon. Having found 
A and P, we proceed as in the case of vertical 
forces only (see Fig. 52, 53). 

For the calcnlation of the dimensions of the 

single bars see p. 28. 
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Sheds. 



Sheds. 
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Fig. 56—57. 



Sheds. 47 



Bxternal forces: 

The single forces P^ and P^ 1000 kg each, 
acting on the upper bar. 

Determination of the stresses: 

Set oflF the forces P^ and P^ in the force 
diagram, draw from Sq a parallel to Oj , from s^ 
a parallel to 0^, and from s^ a parallel to Og, 
obtaining the point of intersection 5^; from s^ 
the parallel to D^ gives us s^, and from s^ the 
parallel U^ gives us s^. The lengths Sq s^ and 
s^s^ are the two reactions A and B. 

For the calculation of the dimensions of the 
single bars see p. 28. 



48 



Trusses. Simple System Polonceau. 



Trasses. Simple System ^Tolon9eau^\ 

(length of span about 15 m.) 
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Scale: 2 mm = lOO kg. 



Fig. 58—59. 



B'Zoookg. 




A'ZdOoJcff. 



Trusses. Simple System Polonceau. 49 



External forces: 

Three equal forces P^, P^ and P^ 1000 kg 
each, P^ and P^ each, 500 kg acting on the 
upper bar. 

Determinaton of the stresses: 

Set off the forces P^, P^ and ^/gPg, draw 
from Sq a parallel to 0^ and from .9^ a parallel 
to ZTjL, thus obtaining the point of intersection s^. 

If we now draw from h a parallel to Og, 
and from s^ a parallel to F^, we get the point 
of intersection s^. 

By drawing from 5^ and s^ parallels to Z 
and C/g respectively, we obtain the point of 
intersection s^. 

For the calculation of the dimensions of 

the single forces see p. 28. 



Ruff, Statical calculations. 



Trusses. Simple System Poloncean 

as on p. 48, but taking account of wind pressure. 

7^ " woo 




Fig. 60—61. 



Trusses. Simple System Polonceau. 51 



External forces: 

Pj and Pg 500 kg each by their deadweight, 
Pg, Pg and P4 each 1000 kg; W^ and W^ each 
300 kg due to the wind pressure, W^ = 600 kg. 

The wind acts on one side only (the left). 
Thus the forces on the left are oblique. 

{P\f F\ and F\ are the resultants of the 
deadweight of Pj, Pg and Pg and of the wind 
pressure W^^ W^^ TTg). 

Determination of the stresses: 

The method of calculation is the same as 
that of the Trusses with strutless principal 
rafters (see Fig. 54 — 55, p. 44). 

For the calculation of the dimensions of the 
single bars see p. 28. 
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Double System Polonceau. 



Double System Polonceau 

Avidth of span about 30 metres. 

\ 
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Scale: 8 mm = 1000 kg. 
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Fig. 62—63. 



Doable System Polonceau. 53 



External forces: 

The single forces Pj to Pg 1000 kg each, 
p 
-^ = 500 kg, acting on each of the upper bars. 

Determination of the stresses: 

p 

Set off the forces P^ to Pg and -^ in the 

force diagram, draw from s^ a parallel to 0^, 
and from s^ a parallel to C^, thus obtaining the 
point of intersection 8^. 

By drawing from s^ a parallel to 7^ and 
from s^ to Og, we obtain the point of intersec- 
tion 5,. We draw from 5, a parallel to D^^, to 
meet JT^, and obtain the point of intersection s^. 
From 5g and s^ we draw, parallels to Og and 
0^ to meet the line s^ s^ produced; this gives 
us the points of intersection s^ and s^q. 

Lines from s^q and s^ parallels to U^ and Z 
respectively intersect in $^^, From s^ the paral- 
lel to 2>2 gives us 5g, and by drawing from s^ 
to Sg a parallel to "T^ we obtain the stress V^. 

For the calculation of the dimensions of 

the single bars see p. 28. 
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English Eoofing. 



English Roofing. 

Width of span about 20 m. 
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English Boofing. 55 



External forces: 

The single forces P^ and P^ 500 kg each, 
Pg to Pg 1000 kg each, acting on the upper bar. 

Determination of the stresses: 

p 
Set oflP the forces P^, Pg, Pg, P4 and -* in 

the force diagram; drawing from Sq a parallel 
to Oj and from s^ a parallel to the lower bar, 
the point of intersection s^ is obtained. 

The parallels from s^ to D^ and from h to 
O2 give us the point of intersection s^. 

By now drawing a parallel from s^ to 7^, we 
obtain s^ upon Z/^. Proceeding in this manner 
the polygon is completed. 

For the calculation of the dimensions of 
the single bars see p. 28. 
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Crossbeams. 



Ij''1300 



Crossbeams (with any arch form). 
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Fig. 66—67. 



Crossbeams. 57 



External forces: 

P^ = 750 kg, Pg = 750 kg, P^ to P^ 1500 kg, 
each acting on the upper bar. 

Determination of the stresses: 

Set off the forces P^^, P^, Pg and P^ in the 
force diagram; drawing from the starting point 
Sq a parallel to 0^, and from s^^ a parallel line 
to Z7j, the point of intersection s^ is obtained. 

If we now draw from s^ a parallel to 7^, 
and from h a parallel to 0^, we obtain the point 
of intersection s^. 

Proceeding in this manner the polygon of 
forces closes of itself. 

For ex. the length s^ s^ represents the thrust 
in the bar 0^. 

For the calculation of the dimensions of 

the single bars see p. 28. 
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Domes. 



Domes. 




Fig. 68—69. 

In this figure Qi, Qf etc. represent the weights of the zones, for ex 
Qt intercalates between two fully loaded rafters. 



Domes. 59 

For domes with a minimum of material we 
usually choose for the upper curve limit of the 
rafters a cubic parabola according to the for- 
mula: 

y = — g- ; r = the radius of the dome 
# 

taking the summit as the origin, and 

h(r^ — x^) 

y= — ^B — 

if the origin of coordinates be taken at depth 
h below the summit. 

h the height of the parabola is usually taken 
as ^/g to ^/g of the spanwidth 2r. 

Determinatioii of the stresses: 

The rafter pressure is resolved as follows: 

o «1 o Q1 + Q2 a __Ql + Q, + Qs 

sm a^ sm Og ** sin a^ 

o Q1 + Q.+Q8 + Q4 

* sm ag 

A load Qg on the curve of the wall A has 
no influence on the members, these being di- 
rectly supported by the wall. 

The spans of the curve P are obtained from 

the general equation: 

w 
/Scosa = 2Psin — 

in which w = 2 — : n = number of the rafters. 

n 



60 Domes. 



According to this the curve of the wall 
is pulled by a force: 



w 

2sin — 
2 



The lantern ring F is pressed upon by: 

-^1 



w 

2 sin — 
2 

Further we obtain: 

2 sin- tion) 2 sin- sure). 

2 2 

These last two give us the resultant stress: 

_, S. cos a„ — jS^« cos cu 

^2= together. 

2sin- 
For p;_ + ^2COsa3 ^^^ .__^s^a^ 

2 sin — 2 sin ^t 

2 2 

we obtain P- = — * ^ : 



2sin — 
2 



then for 



p;= + §L^^ and p;>__^4C0s«, 

2 Sin - 2 sin - 

J 2 

p S^ cos a^ — a9^ cos (Tg 

W 

2sin — 
2 



Domes. 61 

An exact calculation of the stresses in the 
diagonals may be usually dispensed with; do- 
mes with a span width of up to 45 m are con- 
sidered strong enough if the cross section a- 
mounts to 3 sq. cm. 

Owing to the arrangement of the purlins 
and roof covering the danger of a displacement 
is avoided; perhaps if the load of the dome is 
arranged too much on one side a few slight 
slips might occur, but that is all. 

If we wish to determine the diagonal stresses, 
we must notice that in every pair of rafters to 
which a diagonal is fixed the one has ^S^maz) ^nd 
the other Smin- 

If we assume that the difference ^max — ^min 
is entirely taken by a diagonal, and if we re- 
present the angle of the latter with the rafters 
by /S, the greatest tension is: 

■p. '^raax ^min 

JJ ^ • 

cosp 
In the case of the greatest possible strain, 
the following points may be mentioned: 

1. When the dome is fully loaded, the thrusts 
in the bars are at a maximum. 

2. The maximum tension or pressure of a 
circle occurs when the part of the dome 
situated inside the same is fully loaded, 
but the circle and its zone unloaded. 

3. The maximum tension in the diagonals 
occurs when the half of the dome on one 
side of the diameter passing through the 
middle of the diagonals is fully loaded, 
and the other half unloaded. 

For the calculation of the dimensions of the 
single bars see p. 28. 
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Projecting Roof. 



IV. Cantileyers. 



Projecting Roof. 

Free length about 6 m. 




Scale: 8mni = 1000 kg* 



Fig. 70—71. 



Projecting Eoof. 63 



External forces: 



P 



The single forces — = 500 kg , P^ to Pg 

p 

1000 kg each, —=500 kg acting on the upper bar. 



Determination of the stresses: 

P P 

Set oflF the forces — , P^ to Pg and — in the 

force diagram, draw from s^ a parallel to TJ^ 
and fi-om a a parallel to 0^, and the point of 
intersection 8^ is obtained ; from s^ draw a parallel 
to Fj, and from 6 a parallel to 0^, and we ob- 
tain s^. The parallel from s^ to D^ gives us s^. 
Proceed in this manner, until the polygon is closed. 
The lengths s^ to e and s^ to s^ represent 
the reactions B^ and B^, 

For the calculation of the dimensions of 

the single bar forces see p. 28. 
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Projecting Roof with tie rod. 



ProjectiDg Roof with tie rod. 

Free length about 8 m. 




A 



Scale: 1 mm = lOO leg. 




Pig. 72-73. 



Projecting Hoof with tie rod. 65 



External forces: 

The single forces P^ to Pg 1000 kg each and 

P 

— = 600 kg acting on the npper bar. 

Determination of the stresses: 

P P 

Set off the forces — , P^ to Pg and — in the 

force diagram; draw from s^ a parallel to 0^, 
and from 5^ a parallel to JJ^, and the point of 
intersection s^ is obtained ; by drawing parallels 
from s^ to 7j, and from s^ to 0^, we obtain the 
point of intersection s^, A parallel from s^ to 
D^ gives us 5^. Proceed in this manner, un- 
til the polygon is closed. By drawing from 
& a parallel to AG, and from c a parallel to 
B B the two reactions B^ and B^ are con- 
structed; P^ is a thmst, and B^ a tension. 

B is the point of intersection of the resultant 
n • P of the external forces P with A C, in our 
figure it happens to coincide with P^. 

For the calculation of the dimensions of 

the single bars see p. 28. 



Ruff, Statical calculations. 
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Simple parallel beam. 



V. Open web girders. 



Simple parallel beam. 

Height of the beam about ^/^o of the width of the span. 
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Scale: 1 mm = lOO kg. 
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Fig. 74-75. 



Simple parallel beam. 67 



External forces: 

Pi and P7 500 kg each P^ to P^ 1000 kg 
each, acting on the upper flange. 

Determination of the stresses: 

Set off the forces P^, P^, Pg and ^/^P^ in 
the force diagram, draw from Sq a parallel to 
0^, and from 5j a parallel to D^, and the point 
of intersection s^ is obtained. 

By drawing parallels from s^ to V^ and from 
Sj^ to the lower flange, the point of intersection s^ 
is obtained. 

Proceeding in this manner, the polygon of 
forces closes of itself. The bars U^ and Uq are 
unstrained. 

If the forces are applied to the lower flange, 
the force diagram is similarly constructed. 

In the middle fields opposite diagonals are 
purposely arranged. 

For the calcnlation of the dimensions of 

single bars see p. 28. 
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68 Warren girders without vertical extremities. 



Warren girders without yertleal extremities. 

HeightJ^of the beam about ^/^^ of the width of span. 
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Scale: 1 mm = lOO kg. 
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Fig. 76—77. 



Warren girders without vertical extremities. 69 



External forces: 

The single forces P^ to P^ 1000 kg each, 
acting on the upper flange. 

Determination of the stresses: 

Set off the forces P^, P^ and Va^s ^^ ^^^ 
force diagram, draw from Sq a parallel to D^ 
and from s^ a parallel to U^, and the point of 
intersection s^ is obtained. 

By drawing from s^ and a parallels to D^ 
and 0^ respectively, the point of intersection Sq 
is obtained. 

By drawing from s^ a parallel to D^ in the 
direction of C/^, we obtain the point of inter- 
section s^. 

If we now draw from s^ towards 0^ a pa- 
rallel to 2)4, we obtain the point of intersection s^. 

Now draw from s^ a parallel to D^, and the 
point of intersection s^ will be obtained. 

If we apply the forces at the lower flange, 
the diagram of forces is similarly constructed. 

For the calculation of the dimensions of 
the single bars see p. 28. 
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Warren girders as suspension work. 



Warren girders as suspension work. 

Height of the beam usually ^/j^ of the span width. 
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Fig. 78-79. 



Warren girders as suspension work. 71 



External forces: 

The single forces P^ to Pg 1000 kg each at 
the lower flange. 

Determination of the stresses: 

Set oflF the forces P^, Pg, Pg, P^ in the force 
diagram, draw from s^ a parallel to D^, and 
from «! a parallel to the upper flange, and the 
point of intersection s^ is obtained. 

By drawing from s^ and a parallels to D^ 
and U^ respectively, the point of intersection s^ 
is obtained. 

If we now draw from s^ a parallel to JDg, 
we obtain the point of intersection s^, 

Pproceeding in this manner, the polygon 
closes of itself. 

The line s^ s^ represents the force of the 
flange 5^ s^ *= 0^ etc. 

The diagonals Dg D^ are unstrained. 

If the forces act on the upper flange, the 
force diagram is similarly constructed. 

For the calculation of the dimensions of 
the single bars see p. 28. 



72 Warren girders with upper' flange oblique. 



Warren girders with upper flange oblique. 
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Fig. 80—81. 



Warren girders with upper flange oblique. 73 



External forces: 

The single forces P^ to P, 1000 kg each, 
acting on the upper flange. 

Determination of the stresses: 

Set oflF the forces P^, Pg to P, in the force 
diagram, and draw from the points of intersection 
5q, a, h, c etc. parallels to the upper flange. 

If we draw through the middle point of the 
forces a parallel to the lower flange and to D^, 
we obtain the point of intersection s^. 

By drawing from s^ a parallel to F^ we 
obtain $^] and then by drawing from s^ a 
parallel to D^ s^ is found. 

Proceeding in this manner, the polygon of 
forces closes. 

For ex. the line 5^ s^ equals the stress + Z/g, 

^1 ^6 = + ^8» *1 ^7 = + ^4> *1 *10= + ^6» ^1 ^12 = 
+ ^6> %*U = +^7- 

The bars of the flange Uj^ and U^ are un- 
strained. 

The stress D^ is a thrust ( — ); if however, 
the upper flange were horizontal, it would be 
a tension (-f-). 

For the calculation of the dimensions of 

the single bars see p. 28. 



74 Suspension work with lower member arched. 



Suspeosion work with lower member arched. 

(Any shape of arch.)] 
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Scale: 1 tntn = lOO kg. 
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Pig. 82—83. 



Suspension work with lower member arched. 75 



External forces: 

The single forces P^ and P, 500 kg each, 
Pg to P<, 1000 kg each, acting on the upper bar. 

Determination of stresses: 

Set off the forces P^, Pg, Pg and P^ and the 
pressure A in the force diagram, draw from s^ 
a parallel to 0^, and from s^ a parallel to XJ^, 
and the point of intersection s^ will be obtained. 

By drawing from s^ and s^ parallels to 7^ 
and Ug respectively, the point of intersection s^ 
is obtained. 

If we now draw from s^ and h parallels to 
D^ and 0^ respectively, we obtain the point of 
intersection s^. 

Proceeding in this manner, the polygon of 
forces closes. 

For the calcnlation of the dimensions of 

the single bars see p. 28. 



Fish belly shaped beams. 



77 



External forces: 

The single forces P^ to Pg 1000 kg each, 
acting on the upper flange. 



Determination of the stresses: 

Set off the forces P^ to P^ in the force dia- 
gram, draw from Sq and h parallels to 0^ and 
Uj^ respectively, and the point of intersection s^ 
will be obtained; by drawing from s^ and b 
parallels to i)^ and U^ respectively, the point 
of intersection s^ is obtained. 

Proceed in the manner shown until the 
polygon of forces is completely closed. 

For the calculation of the dimensions of 

the single bars see p. 28. 



78 



Web girder with upper flange arched. 



Web girder with upper flange arehed. 

(Any shape of arc.) 
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Scale: lOO kg = l mm. 



Fig. 86—87. 



Web girder with upper flange arched. 79 



External forces: 

The single forces P^ to P^, 1000 kg each, 
acting on the lower flange. 

Determination of the stresses: 

Set off the forces P^, P^ and ^/^Pg in the 
force diagram, draw -from 5^ and ^^ respectively 
parallels to U^ and 0^, and the point of inter- 
section s^ will be obtained. 

By drawing from s^ and a parallels to 7j and 
Ug respectively, the point of intersection s^ is 
obtained. 

If we now draw from ^3 and s^ parallels to 
D^ and 0^ respectively, we obtain the point of 
intersection s^. 

Proceeding in this manner, the polygon of 
forces closes. 

For the calcnlation of the dimensions of 
the single bars see p. 28. 
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^ Beams formed in a semi-parabola. 



'Beams formed in a semi-parabola. 

(Aro^shape: parabola.) 
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Fig. 88-89. 



Beams formed in a semi-parabola. 31 



External forces: 

The single forces P^ to P^g, 1000 kg each, 
acting on the lower bar. 

Determination of the stresses: 

Set off the forces P^ to P^ in the force dia- 
gram, draw from Sq and s^ parallels to D^^ and 
0^ respectively, and the point of intersection 5^ 
will be obtained. 

By drawing from $^ and s^ parallels to V^ 
and Ug respectively, the point of intersection 
Sg is obtained. 

Proceed in the manner shown till the poly- 
gon closes. 

There is no stress in the bars U^ an;d D^. 

7o, 7, to V, are (— ), but 7, is (+). 

In the middle fields opposite diagonals are 
purposely arranged. 

1 
%" 

For the calculation of the dimensions of 
the single bars see p. 28. 



Ruff, Statical calculations. 6 
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Cnrred beams with 3 joints. 



YI. Cnrred beams with 3 joints. 
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Fig. 90—91. 

With beams with 3 joints the working stress may be 
determined without the aid of the theory of ehisticity. 

Changes of temperature and slight displacements 
on the abutments are without influence. 

Shocks injure the upper joint. 



Curved beams with 3 joints. 83 



External forces: 

The single forces P^ to P^, 1000 kg each, 
acting on the upper bar* 

Determination of the stresses: 

Set off the forces P^ to P^ in the force diagram, 
draw from Sq and s^ parallels to K'^" and K"\ 
from ^2 a parallel to K\ and from s^ a parallel 
to K"j and the points of intersection s^^, s^ will 
be obtained. 

Upon 5j, s^ and s^ describe the parallelogram 
^1 ^ ^3 *9« The lines from to Sq and s^ give 
us the reactions K^ and K^, Draw from a 
parallel to ?7j, and the point of intersection s^ 
is obtained; then by drawing from s^ and s, 
parallels to JD^ and 0^ respectively, s^ is obtained. 
From 5g a parallel drawn to 7^, to its inter- 
section with ZJg, gives us s^. 

Proceed in the manner shown till the poly- 
gon of forces is closed. 

The horizontal reaction of the abutments = the 
distance of the pole H. 

The position of P^ and B^ can easily be 
found by means of a funicular polygon. 

In the case in question they lie at Pg and 
P, respectively; usually P^ falls between P^ 
and Pg, Pg between P, and Pg. 

For the calculation of the dimensions of 

the single bars see p. 28. 
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Saspensioii Bridges. 



YIL Suspension Bridges. 

(Height of the arc usaally */, — ^1^ of the chord.) 
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Pig. 92—93. 



Suspension Bridges. 85 



External forces: 

The single forces P, to P^, 1000 kg each, 
on the lower member. 



Determination of the stresses: 

The application of the polygon of forces 
is the same as in the case of curved beams 
with 3 joints (Fig. 90), also with regard to B^ 
and Eg, only the signs are different. 

The upper bar is in tension, the lower bar 
in compression. All the transverse bars are in 
tension. 

For the calculation of the dimensions of 
the single bars see p. 28. 



Framenork cnlai 



VIII. Framework eolmnns. 



Scale: 3 mm = lOO kg. 




V 



Framework columns. 37 



External forces: 

A single force P=2000 kg, acting obli- 
quely upwards. 

Determination of the stresses: 

Mark oflf the force P in the direction of the 
forces, draw from Sq and 5^ respectively paral- 
lels to O3 and H^j and the point of intersection 
^2 will be obtained. 

By drawing from s^ and s^ parallels to D^ 
and 0^ respectively, the point of intersection 
^3 is obtained. 

Proceed in this manner until the polygon 
is closed. 

The final lines, s^ Sq and s^ Sg represent the 
reactions A and B. 

Opposite diagons^ls are purposely arranged. 

For the calculation of the dimensions of 
the single bars see p. 28. 
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The earth pressure. 



IX. The earth pressnre. 



in&iiM^ 




Fig. 96. 



Determination of the force JP: 

Draw AM forming with the horizontal the 
angle cp. 

q) is the natural angle of inclination of the 
earth = 20® — 50®; in the most unfavourable 
case, if the earth be very wet 20®. 



The earth pressure. 89 

Then draw BB, making with AB the angle 
(<^-f"V^); on jdjlf describe a semicircle and draw 
QB perpendicular to A My also AN=AQy draw 
NO = a parallel jto BB, and draw from a per- 
pendicular OZ'j=f X on AM] then the earth pres- 
sure is 

1 
(1) P^^r a X. 

y is the specific gravity of the earth = 
1500—2200 kg/cbm. 

\p is the angle which the pressure of the earth 
makes with the normal of the inside wall 
-4JB, and, as a rule, is taken to be equal to 9?, 
so that 9? + V^ = 2 99 ; but in the case of very- 
wet earth tp =^ 0, i. e. supposing that P is 
horizontal. 

If another burden of magnitude g for 1 sq. m. 
is brought up along J5Jf, then will 

I = the perpendicular from A upon BM. 
The point of application of the earth pressure 
T lies upon AB and 

AT for formula {1)== — AB, 

for formula (2)^T=the height of the centre 
of gravity of a trapezium between GB and DA^ 

of which the upper parallel side =«= — i-c, 

y 'I 

„ „ „ lower „ „ = ^-^ + 1 

when c represent any length. 
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X. Sastalning Walls. 




Fift. 97-99. 



Sustaining Walls. 91 



External forces: 

A single force P=1000 kg, acting on the 
bulk of the waU. 



Determinatioii of the stability: 

To obtain the line of pressure, we divide 
the bulk of the wall A, By G, D into single parts 
by the sections -P^, i^„ F^, whose weights G^, 
G^j G^ etc. can be considered to act through their 
centres of gravity S^^ 8^, S^. 

Drawing the parallelogram of forces a^, b^, 
Cj, dj, for the force P and the weight Cr^ of 
the uppermost part of the wall, we obtain their 
resultant B^, represented by a, c^ and meeting 
the section F^ in o^. B^ and G^ intersect in a,, 
hence the parallelogram of forces of B^ and G^ 
(a,, 6,, c,, d^). Hence B^^, which is the resultant 

of (?i + ^«' 

Proceed in the manner given to the last 
division of the wall. 

By joining the points o^, o^, o^ and O3, a 
continuous curve is obtained, which represents 
the middle line of the pressure, and is termed 
the line of pressure. 

In order that there may be no danger of 
collapse, this line of pressure must remain within 
the middle third of the bulk of the wall (Fig. 99). 



Vaults with abatmentB. 




Fig. 100-101. ^« 
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XL Vaults with abutments. 

Fig. 100—101. 

External forces: 

The weight of half the load of the vault 
and the pressure of the earth behind. 

Determination of the line of sustension: 

Make a trial drawing of the abutment and 
the shape of the arc of the vault. Then mark 
off the weight of half the vault A^ A^ B in the 
diagram of forces, so that this is divided up 
into the spaces denoted by g^, ^g . . . ^7. 

Then taking any pole o^^ construct a funi- 
cular polygon, which gives the middle force B^, 

The push TT, the middle force B^ and the 
horizontal push H meet in the point B\ if we 
resolve the middle force B^ in the directions 
W and jS, we obtain the pole 0^. By the aid 
of this pole we draw AS the Une of sustension 
of the vault 

If the latter deviates perceptibly from the 
middle axis of the vault, it is advisable to 
repeat the proceeding, The line of sustension 
at least must remain within the middle ^/g of 
tlie cross section. 

Then mark off in the force diagram the 
weight of the single abutments g^^ g^ to. g^ pro- 
ceeding from q^. 

To fix the earth pressured against the. sur- 
face of the wall F^F^, set off F^N=^>]^F^F^:, 
hence is F^N obtained; 

then: E=y^ — tQ.\\Q^ ^ , 



94 Vaults with abutments. 

in which y^ = 1600 kg = weight of the earth per 

cub. metre, 
= 36® for average earth, 
h = the height of the abutment regar- 
ded from the various sections of 
the bulk of the wall g^^ to g^. 

Mark oflF the ascertained value of the earth 
pressure jEJj, E^ to E^ in the force diagram, for 
Ex. giE^, g^^i etc. 

From the point of intersection 8q draw a 
parallel line to q^ E^ to its point of intersection s^. 
By drawing through s^ a parallel to g? ^2» *^^ 
point of intersection s^ is obtained. By joining 
the points ^^ and ^g, we obtain the line of 
sustension for ^^, g^. 

If we now produce the line s^ s^ to the 
intersection with the vault pressure TF, we 
obtain the point $^. 

Through this point of intersection s^ we 
draw a parallel to E^ o^, and this gives the 
point of intersection s^ the point of application 
of the resultant. Then draw through the point 
of intersection s^ a parallel to q^ E^, till it meets 
the vault pressure TT, draw through this point of 
intersection a parallel to E^ o^, and the point 
of intersection s^ is obtained. 

Proceed in the manner shown, and the rest 
of the points of intersection 5g, s^ to s^^ are 
easily obtained. 

It is convenient to draw the force diagram 
about five times as large as Fig. 101, in order 
that the auxiliary line of the sustension line of the 
abutment may be expressed as clearly as possible. 

The statical calculations for the bulk of 
the wall should be made from a depth of 1 metre. 
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III. Concrete constraetions. 

(„9yBtem Hennebique".) 



I. ExamlaatioB of tke bendlif. 









Fig. 102. 

In this Bystem compreseive forces are sup- 
ported by concrete, and tensUe forces by iroD. 
Hence the elastic properties of both materials 
have to be considered. 

(Experiments on the modulus of elasti- 
city £^ and the coefBcient of the sta- 
bility a of the concrete, see; "Zeit- 
Bchrift des Vereins deutecher Ingeuieare" 
1896, p. 1381.) 
Ii practice E^ is usually taken as ^= 200000, 
which gives ns the proportion of 

E^ _ 200000 _ J_ 
^~ 2000000" 10^^' 



V 

r 



96 CJoncrete cfonstructions. 

The moment of application for a beam under 
a bending strain is ace. Fig. 102:' 

M=Oj^'-^'-'y-{-o^'F^{h—y), 



a^ h — y' 



^ ^^ —2F^ + V^F;-^8h-P'h'F^ 
further: 2/ = ^^^- ^ * 



2b'P 
M 



o 



1 y 

o = • 

K 

In this: 

o^ = the stress in cement, 

'/ : t/ = the distance of, the neutral . axis, 
fc=Tthe breadth of the beam, 
^gi==the pro^s section pf the iron. 

The calculations for a concrete beam are 
made, in the first instance as if it were not 
trussed ; for a^ we have 30 kg/cm*. 

A method of approximation very much in 
use for the determinatioli of the iron cross 
sections requisite fol* plates is that of KOnen, 
in which the distance of the* centres of com- 
pression is set at the empiricaL value */^ (?: 

(See also: ^Centralblatt der Bauverwaltung'' 
1886.) 



Concrete constructions. 

2. Examination of supports. 

If the load works within the 
iron core of the cross section, there 
can only be compressive forces, 
a null line cannot be formed. 

The breaking force ^ of a pil- 
lar is 



K 



U'l 



2 



in which 



E 



X 



'^bJ ^r = /*; 



E. 



F. 



E. 



m 



for m = 15, /bt = 60 

1]^ = ^ 170000. 

For a factor of safety 8 to 10: 
10 170000-J 



K 



8 



J= 



8 






170000 
in which K is in kg, I in cm. 

If we take K in tons, Mn m, 
then 

J=^50KP. 

In a cross section ace. Fig. 104, 
a moment of inertia is obtained: 

./=i-ft'-6+»f(i-«)', 

in which ^= ^j^^. 

Ruff, Statical calculations. 



K 






Fig. 103 and 104. 
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XUI. Moments of Inertia 

and moments of resistance. ' 

J -Iron 

(Germaa Standard Sections.) 
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jQ- iron 

(German Standard 
• Sections.) 
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Fig. 106. 
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XUI. Momente of inertia 
and moments of resistance. "'"^ 

J - Iron 

(German Standard Sections.) 
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Equal angle- 
irons. 

(German Standard 
Sections.) 

The root sig^n for 

the determination of the 
holes in angle-iron is : 



a = 



b + d 



Fig. 107. 
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the Axis aex 


Moments for 
the axis y y 
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mm 


r 




grrftYitj «o 




T 






*^4 




T 


1 








^^ 


in cm 


T„ 


^x 


T 


^. '- 


5 


d 


cm* 


kg 


to 


« 


X 

cm* 


cm' 


y 
cm* 


y e 
cm' 


IJ 


15 


3 


0,82 


0,64 


1.06 


0,67 


0,24 


0,23 


0,06 


0,08 


4 


1,05 


0,82 


J 


0,73 


0,29 


0,28 


0,08 


0,10 


2 


20 


3 


1,12 


0,87 


1,41 


0,85 


0,62 


0,44 


0,15 


0,17 






4 


1,45 


1,13 


, • 


0,90 


0,77 


0,55 


0,19 


0,21 


aj 


25 


3 


1,42 


I, II 


1,77 


1,03 


1,27 


0,72 


0,31 


0,30 


4 


1,85 


1,44 


1,08 


1,61 


0,91 


0,40 


0,37 


3 


30 


4 
6 


2,27 
3,27 


',77 
2,55 


2,12 


1,24 
1,36 


2,85 
3,91 


>,35 
1,84 


0,76 
1,06 


0,61 
0,78 


31 


35 


4 


2,67 


2,08 


2,47 


1,41 


4,68 


1,90 


1,24 


0,88 


6 


3,87 


3,02 


^53 


6,50 


2,63 


^77 


1,15 






4 


3,08 


2,40 




1,58 


7,09 


2,50 


1,86 


1,^7 


4 


40 


6 


4,48 


3,49 


2,83 


1,70 


9,98 


3,52 


2,67 


1,57 






8 


5,80 


4,52 




1,81 


12,4 


4,38 


3,38 


1,81 


^ T 




5 


4,30 


3,36 




1,81 


12,4 


3,91 


3,25 


J, 80 


4l 


45 


7 


5,86 


4,57 


3,18 


1,92 


16,4 


5,16 


4,39 


2,28 






9 


7,34 


5,73 




2,04 


19,8 


6,24 


5,40 


2,65 






5 


4,80 


3,75 




1,94 


17,4 


4,91 


4,59 


2,32 


5 


50 


7 


6,56 


5,12 


3.54 


2,11 


23,1 


6,53 


6,02 


2,85 






9 


8,24 


6,43 




2,21 


28,1 


7,94 


7,67 


3,47 






6 


6,31 


4,92 




2,21 


27,4 


7,04 


7,24 


3,27 


5i 


55 


8 


8,23 


6,42 


3,89 


2,32 


34,8 


8,96 


9,35 


4,03 






10 


10,07 


7,85 




2,43 


41,4 


10,64 


11,27 


4,64 
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4) 


Dimeni 

in 

mi 

b 


dons 

1 


Cross 

section 

F 

cm* 


kg 


Distance 

of centre 

of 


Moments for 
the axis xas] 


Moments for 
the axis yy 


1 


in 
to 


cm 
e 


T 

X 

cm* 


cm* 


cm* 


cm* 


6 


6o 


6 
8 
10 


6,91 

9,03 
11,07 


5,39 
7,04 
8,63 


4,24 


2,39 

2,50 

2,62 


36,1 
46,1 

55,1 


8,51 
10.9 

13,0 


9,43 
12,1 

14,6 


3,95 
4,85 
5,58 


6i 


65 


7 

9 
II 


8,70 
10,98 

13,17 


6,79 
8,56 

10,30 


4,60 


2,62 
2,73 

2,83 


53,0 

65,4 
76,8 


",5 
14,2 
16,7 


13,8 
17,2 
20,7 


5,25 
6,31 
7,30 


7 


7o 


7 

9 
II 


9,4 

",9 

14,3 


7,33 
9,26 

",13 


4,95 


2,79 
2,90 
3,01 


67,1 

83,1 
97,6 


13,6 
16,8 

19,7 


17,6 
22,0 
26,0 


6,29 

7,57 
8,65 


7i 


75 


8 

10 

12 


",5 
14,1 
16,7 


8,94 
1 1,00 

13,00 


5,30 


3,01 
3,12 

3,24 


93,3 

113 
130 


17,6 

21,3 
24,6 


24,4 
29,8 

34,7 


8,11 

9,54 
10,71 


8 


80 


8 

10 

12 


12,3 

15,1 
17,9 


9,57 
11,78 

13,94 


5,66 


3,20 
3,31 
3,41 


115 
139 
161 


20,3 

24,5 
28,4 


29,6 
35,9 
43,0 


9,25 
10,8 

12,6 


9 


90 


9 
II 

13 


15,5 
18,7 
21,8 


12,1 
14,6 
17,0 


6,36 


3,59 
3,70 

3,81 


184 
218 
250 


28,9 
34,3 
39,3 


47,8 
57,1 
65,9 


13,3 
<5,4 

17,3 


10 


100 


10 
12 

14 


19,2 
22,7 
26,2 


14,9 
20,4 


7,07 


3,99 
4,10 

4,21 


280 
328 
372 


39,7 

46,3 
52,6 


73,3 
86,2 

98,3 


18,4 
21,0 

23,4 


II 


no 


10 
12 

14 


21,2 

25,1 
29,0 


16,5 
19,6 
22,6 


7,78 


4,34 
4,45 
4,54 


379 
444 
505 


48,7 
57,1 
64,8 


98,6 
116 

133 


22,7 
26,1 
29,2 


12 


120 


II 

13 
15 


25,4 
29,7 
33,9 


19,8 

23,2 
26,5 


8,48 


4,75 
4,86 

4,96 


541 
625 

705 


63,8 

73,7 
83,2 


140 
162 
186 


29,4 
33,4 
37,5 


i3 


130 


12 

14 
16 


30,0 
34,7 
39,3 


23,4 
27,0 
30,6 


9,19 


5,15 
5,26 

5,37 


750 

857 
959 


81,6 

93,3 
104 


194 
223 
251 


37,8 

42,4 
46,7 


14 


140 


13 
15 
17 


35,0 
40,0 

45,0 


27,3 
31,2 

35,1 


9,90 


5,54 
5,66 

5,77 


1014 
1 148 
1276 


102 
116 
129 


262 
298 

334 


47,3 
5>,6 
58,0 


15 


150 


14 

16 

18 


40,3 
45,7 
51,0 


31,4 
35,7 
39,9 


10,6 


5,95 
6,07 

6,17 


1343 

1507 
1665 


127 
142 

157 


347 
391 
438 


58,3 
64,4 
71,1 


i6 


160 


15 

17 
19 


46,1 

51,8 
57,5 


35,9 
40,4 
44,9 


'1)3 


6,35 
6,46 
6,58 


1745 
1945 
2137 


154 
172 

189 


453 
506 

558 


71,3 
78,4 
84,8 
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Adjacent Equal angles In iron in juxta- 
position. (German Standard sections.) 



o 



£ 




Fig. 108: 
Two adjacent angles 
(without space between). 




^ Fig. 109. 
Four adjacent angles 
(without space between). 



Cross 


Weight 


sec- 


for 


tion 


1 m 


2^ 


2G 


qciii 


kg 



Moments of 



iner- 
tia 



resist- 
ance 



Moments about 
the axis x 



Tt 



cm' 



IT,- 



r, 



cm' 




Moments of 



iner- 
tia 



resist- 
ance 



Moments about 
the axis x or y 



cm' 



W^- 



cm" 



1\ 
h 



4i 



5i 



6,i6 

8,96 

11,59 

8,61 

",73 
14,68 

9,6 1 

16,5 
12,6 

20,1 . 

13,8 
18,1 

22,1 

>7,4 
22,0 

26,4 
18,8 

23,8 
28,6 



4,80 
6,99 
9,05 

9,15 
11,50 

7,49 
10,20 

12,90 

9,84 
12,8 

15,7 

10,8 

H,i 

17,3 

^3,6 

17,1 
20,6 

14,7 
18,5 
22,3 



8,94 
12,7 

15,8 

15,7 
20,8 

25,2 

22,0 
29,1 
35,8 

34,6 
44,2 
52,7 

45,5 
58,3 
69,7 
66,8 
82,6 

97,5 
84,6 

105 

124 



3,11 
4,52 
5,80 

4,87 
6,63 
8,25 
6,10 
8,30 
10,39 

8,79 
",5 
13,9 
10,6 

13,8 
16,8 

14,4 
18,1 

21,7 

16,8 
21,2 

25,4 



12,3 
17,9 
23,2 
17,2 

23,5 
29,4 
19,2 
26,3 
33,0 
25,2 
32,8 
40,3 
27,6 
36,1 
44,3 
34,8 
43,9 
52,7 

37,6 

47,5 
57,1 



9,61 
14,0 
18,1 

13,4 

18,3 
22,9 

15,0 
20,5 

25,7 

19,7 

25,7 
31,4 
21,6 
28,2 

34,5 
27,2 
34,2 
41,1 

29,3 
37,1 
44,5 



33,3 
51,1 
69,5 

59,5 

85,0 

III, 2 

81,7 
116 

152 

131 

177 
224 

170 
230 
291 

252 

329 
406 

315 
410 

506 



8,33 
12,8 

17,4 

13,2 
18,9 

24,7 

16,3 
23,3 
30,4 

23,8 
32,2 
40,8 

28,3 
38,3 
48,4 

38,4 
50,6 
62,5 

45,0 
58,6 

72,3 



Note: For the thickness of the profiles comp. Table p. 100. 
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Continuation of p. 102. 
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T, 
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r* 
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kg 


cm* 
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kg 


cm* 
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22,9 


17,9 


118 


21,9 


45,9 


35,8 


444 


59,2 


7J 


28,2 


22,0 


142 


26,9 


56,4 


44,0 


561 


74,8 




33,3 


26,0 


165 


31,7 


66,7 


52,0 


679 


90,6 




24,5 


19,1 


144 


25,1 


49,1 


38,3 


539 


67,3 


8 


30,2 


23,6 


175 


30,9 


60,4 


47,1 


680 


85,0 




35,7 ' 27,9 


204 


36,4 


71,5 


55,7 


823 


102,9 




31,0 


24,2 


232 


35,9 


62,1 


48,4 


863 


95,9 


9 


37,4 


29,2 


275 


43,1 


74,9 


58,4 


1064 


118 




43,7 34,1 


316 


50,1 


87,4 


68,1 


1268 


141 




38,3 


29,9 


354 


49,3 


76,6 


59,8 


1317 


132 


10 


45,4 


35,4 


414 


58,3 


90,9 


70,9 


1593 


159 




52,4 


40,8 


470 


67,0 


104,8 


81,7 


1871 


187 




42,3 


33,0 


478 


60,2 


84,6 


66,0 


1753 


159 


II 


50,2 39,2 


560 


71,4 


100 


78,4 


2118 


193 




58,0 


45,2 


638 


81,9 


116 


90,5 


2486 


226 




50,7 


39,6 


680 


78,8 


lOI 


79,2 


2505 


209 


12 


59,4 


46,3 


787 


92,1 


118 


92,6 


2979 


248 




67,9 ' 52,9 


891 


105 


136 


105,9 


3456 


288 

■ 




59,9 46,8 


944 


lOI 


120 


93,5 


3476 


267 


13 


69,3 


54,^ 


1080 


116 


139 


108 


4079 


314 




78,5 


61,2 


1209 


131 


157 


123 


4685 


360 




69,9 


54,5 


1276 


127 


140 


109 


4702 


336 


14 


79,9 


62,4 


1446 


145 


160 


125 


5454 


390 




89,9 


70,1 


1610 


162 


180 


140 


6215 


444 




80,6 


62,9 


1690 


157 


161 


126 


6235 


416 


15 


91,4 


71,3 


1898 
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143 


7160 


477 




102,1 


79,6 
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198 


204 


159 
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539 




92,1 


7^9 
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191 


184 


144 


8110 
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16 


104 


80,8 


2451 


214 


207 


, 162 
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577 




115 


89,7 


2695 


237 


230 


I179 


10362 


648 



Note: For the thickness of the profiles comp. Table p. 100. 
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J- irOQ (with high vertex), 
(German Standard sections.) 








1 




3^ 


the ax 


U ri>r 


MnntntH for 
the .mis 1,1, 
































rranii 

No. 


•a 

1 


if 


2 
1 


i 




II 

as 


Moment 
of in- 


sisUnce 


Moment 


■»;=?v 




mm 


mm 


mm 


qcm 


_kB_ 


«m 


cm* 


cm' 


em' 


em' 




20 


20 


3 


1 12 


0,87 


1,42 


0,38 


0,27 


0,20 


0,20 


i 


^5 




3,5 


I fit 


1,28 


■,77 


0,87 


0,49 


0,43 


0,34 




30 


30 


4 


2,26 


1,76 


=,■5 


1,72 


0,80 


0,87 


0,58 


i 


35 


35 


4,5 


2,97 


2,32 


2,51 


3,'o 


■.23 


',57 


0,90 




■to 


40 


5 


3,77 


2,94 


2,88 


5,28 


1,84 


2,58 


1,29 
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45 


45 


5,5 


4,67 
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3,24 


8,' 3 


2,5^ 


4,01 


■,78 
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5,66 


4,42 


3,61 
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2,42 




60 


60 


7 


7,94 


6,19 


4,34 
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5,48 
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8,27 


5,06 


44,5 


8,79 




6,32 
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80 9 


I3,fi 


10,6 
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39,9 


31,1 
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64,7 
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47,2 
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T-lron (flat bottomed). 
(German Standard [sections.) 
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mm 
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kg 


cm 
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Sections in use for corrugated iron. 



Sections in use for corrugated iron. 




Fig. 118. 



Moment of inertia T = 



Moment of resistance W= 




Fig. 119. 



(^0,108 -f 0,186 y) fc* 
? = ^0,196 + 0,354 YJhd . 
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The length 
6 m according 
0,45 and 0,95 m, 



of the tables of corrugated iron varies between 3 and 
to the thickness of Ihe plate, the breadth between 
the length of the covering is usually 100 mm. 
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Principle dimensions of plate beams. 
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Ruff, Statical Calculations. 
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Moments of inertia and resistance etc. 



Moments of Inertia and resistance for 
hollow rectangular columns. 
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Fig 122. 



S = length of sides in 

mm 
S = strength of wall in 

mm 
F = cross section in 

qcm 
Q = weight pro m in kg 
T = moment of inertia 
Tr= moment of resist- 
ance 
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The yalues are calculated hy the formula: 



W = 



y 






T = 



S,'S^'--8.'8. 



1 °-* 
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Pillnvs Joined by flat-iron. 115 

Pillars composed of two pieces of J-Iroii 
joined together by flat-Iron. 
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11(> Pillars of 2 pieces of ^-iron with diagonal joints. 
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Cast-iron pedestals for bow windows. 
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Chart showiDg 

the weight of Road Bridges, expressed in tons 

per metre of breadth. 

(according to Earbort). 
ExMDpIe : 



Width of bHOg 



V, p. 1191). 



Tables for timber. 



XV. Weights, Tables etc. 



Tables for timber. 
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Weights of the principal materiale. 



Specific weights of the principal materials. 



Material 



kg 
prolcbm 



Material 



kg 
prolcbm 



Asphalt 

Basalt 

Concrete 

T^ead 

Cement, hroken . . 

Chamotte stone . . 

Oak 

Ice 

Iron framework per 
m' 

Iron framework per 
m« 

Peas 

Earth and clay . . 

Barley 

Plaster, dry .... 

Glass 

Grass and clover 

Granite 

Cast iron 

Oats 

Hay 

Trellis work in solid 
stone per m^ . . 

Trellis work in po- 
rous stone per m^ 

Charcoal 

Chalk (broken) . . 

Limestone masonry 

Potatoes 



1 500 
3 200 

2 000 
II 400 

I 300 

1850 

800 

910 

250 

200 

780 

I 600 

640 

1 000 

2 600 

350 
2 700 

7 250 

420 

110 

200 

150 
180 

1 300 

2 400 

730 



Pinewood .... 

Gravel 

Copper 

Marble 

Flour 

Dung 

Rye 

Rape 

Sand (coarse) . . . 
Sandstone masonry 

Slate 

Steel 

Coke 

Cutstone 

Straw 

Wrought iron . . 

Snow 

Masonry 

Turf 

Peat moss litter 
Tufaceous limestone 

Water 

Wheat 

Zinc, smelted . . . 

„ rolled .... 

Brick masonry . . 

n n por- 
ous, or in mark- 
stone 



650 

1 800 
8 900 

2 700 
I 500 

800 
650 
500 

1 400 

2 400 
2 700 
7 860 

950 
2 000 

90 

7 800 

125 

850 

550 

275 
I 300 

I 000 

750 
6860 

7 200 

I 600 



I I 100 



Specific weights and loads. 
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Specific weights and loads* 

according to the police regulations for building, 
in Berlin, Frankfort o/M. etc. 



Material 



kg/qm 



Material 



kg/qm 



Framing of joists 

in dwelling houses 

Do. J including load 

Framing of joists in 

factories and ware- 
houses 

Do., inclndiug load 

Framing of joists in 

granaries including 
load, as shown . . . 

Framing of joists in 

salt storehouses . . 

Entablataresfor ma- 
gazines above theP* 
floor 

Entablataresfor ma- 
gazines above the 
ground floor . . . . 

Entablatures for 

magazines above 
the cellar 

Yaulted roofs of po- 
rous stone in dwel- 
ling houses 

Do., including load 

Do., roofs in fac- 
tories,includingload 

Boo fs partlystreng- 
thened with stone, 
or concrete roofs. . 



250 


500 


250 


750 


850 — 1000 


800 


1000 


1500 


1700 


350 


600 


1000 


750 



Vaulted roofs under 
passages or used 
thoroughfares,inclu- 
ding load 

Do., including load 
in use 

Sheet iron roofs 

including load as 
shown 

Baleonie^i, including 
load in use 

Yaulted staircases 

Do., including load 

Roof levels calcula- 
ted as projecting 
horizontally, includ- 
ing pressure of 
snow or wind, in 
metal or glass as 
desired 

Do., with slate roof 

Do., with tile roof. 

Do., with wood and 

cement roof 

Mansard-roofs . . . 

Frame-worked 
closings 

Walls of tnfaceous 
limestone 

Burden of snow, 
horizontal projec- 
tion 

Windpressure . . . 



1250 



150 



$00 — I 000 

800 
500 
1000 



125—150 
200 — 240 
250—300 

350 
400 

230 

no 



100 



100 
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IV. Floor 



111. Floor 



II. Floor 



I. Floor 



Ground floor 



Basement 



ss 



3S 



^/ 



3/ 



e^ 



77 



3S 



SS 



38 



JS 



5i 



J/ 



Front 
wall 



Middle wall 
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Fig. 134-leS8. 
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BuildiDg Administration, Berlin 1897). 
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Note: Should the staircase be more 
than 3,50 iii broad, it is sttougly 
recommended to increase the thick- 
ness of the walls by 88 cm in the 
upper stories. 
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Working stress of building materials, 

as ordered by the Police Building Administration 
in Berlin and Frankfort o/M. etc. 
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kg. per sqr. cm. 
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Pressure Shear 
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Wrought iron 

Sheet iron 

Corrugated iron 

Iron wire 

Cast iron 

Cast steel, hardened 

Lead, rolled 

Wire ropes { ^1^ T ! ! ! 

[Hemp ropes {^'ropes \ \ \ 

fAsh 

Oak 

Beech 

Pine 

Fir 

Limestone masonry with chalk 

mortar 

Common brickwork do 

Rudersdorfer limestone 

Glass 

Nebra sandstone red 

y» n light 

Best brickwork with cement . . 
Porous vault bricks slightly baked 

„ n n l^^i'd baked 
Brohltal tufaceous limestone . . 

Cement stones 

Granite 

Marble 

Basalt 

Niedermendinger basalt lava . . 

/Slag and sand 

\^Go^ building ground 
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The Breaking point of some materials. 
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Steel wire 
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Copper wire . . 

Brass 

hammered 
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Brass wire . . . 
Phosphor bronze 
Zinc, cast . 
Lead . . . 
Lead wire . 
Tin ... 
Aluminium 



Ash wood 
Oak wood 
Beech wood 

Pine wood 

Hemp rope 
Leather straps 
Glass .... 
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— 
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79 
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66 
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2 000000 
2 000000 
2 000000 
2 000000 
2 500000 

I 070000 
I 070000 
I 210000 

640000 

I 000000 

987 000 

985 700 

950000 

50000 

70000 

400000 

675 000 

98500 

117 000 

92 100 

120000 

1000 
1250 
700000 



Rivets for coustructiouB ii 



Kivcis for eoDstructlons in iron. 

Shapes of the rivet heads according to tlic 
Prussian Circular of Nov. 25"' 1891, 



l<— i*-^ 



H = (ifid; i> = l,5-i; A=l/8i. 
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The heads must be allowed a length of 1= 1,3— 1,6 d, 
according' to the esaetttnde of the rivet holes. In order 
that the rivet should fit into the hole without any troiihle 
when it ia ivarm, it is customary tn make the hole 1 mm 
larjrer. 
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Withworths System of Screws. 



|*--?.«/-^> 




Screws. 

Withworths Thread System 
(English measures). 



Fig. 147. 
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Calculation of the Screws. 

(Groves System.) 
Without twisting of the bolts: 



P=600((li — 0,2cm)2 



With twisting: 



71 

4' 



jr 



P=360(di — 0,2cm)«^ 



9' 



132 



Cross sections for frame work. 



Cross sectious for girders and frame work. 
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The Worlds greatest bridges. 



1. Wooden Bridges. 

Wiebeking Bridge, over the Reg- 
nitz at Bamberg; was faultily 
built and collapsed .... 

Cascade Bridge, in America . . 

Colossus Bridge, at Termount 
Philadelphia; burnt 1838 . . 

Limniat Bridge, Wettingen in Ar- 
gau, Switzerland; burnt by the 
French 1799 

2. Stone Bridges. 

Viaduct over the GCltzschtal 73 m 
high 

Nydeck Bridge, Bern, Switzerland 

Marne Bridge, Nogent, France . 

Vielle-Brionde, Departement Upper 
Loire France 

Dee Bridge, Chester 

Cable John, Tide Bridge, Washing- 
ton, America 

Adda Bridge, Trezzo, Italy; des- 
troyed in war 1427 . . . . 

Street Bridge, over the Petrustal 
Luxembourg, widest spanned 
vaulted bridge in the world . 



Width 

of spnn { 

in m 



72 
83 

104 



119 



31 
45 
50 

56 



72 



85 



Year 
of com- 
pletion 



1812 



1778 



1855 



1454 



61 ' — 



67 I — 
1355 

to 

385 



(135 

) to 

il38 



1902 
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Year 
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3* Iron Bridges. 


in m 
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Arcole Bridge, Paris 


80 


1855 


Rhine Bridge, Mainz 


105 


1860 


Rhine Bridge, Coblenz .... 


106 


1876 


Allier Bridge, Brionde, France . 


115 


1883 


Weichsel Bridge, Dirschau . . 


121 


1850 


Tarno Bridge, Saltash .... 


139 


1854 


Britannia Bridge, England . . 


140 


1846 


Leek Bridge, Kuilenburg . . . 


150 


1867 


St. Louis Bridge, over the Missouri, 






America 


157 


1877 


Douro Bridge, Oporto, Portugal . 


160 


1876 


Bridge at Poughkeepsie over the 




■ 


Hudson River, America . . . 


160 


— 


Garabit Bridge, St. Flour . . . 


165 


1880 


Covington Bridge, over the Ohio 






Cincinnati, America .... 


168 


1887 


Kaiser Wilhelin Bridge, over the 






W upper at Mungsten, bow shaped 




■ 


bridge without joints 465 m long 


170 


1896 


Kentucky and Indiana Bridge, 




1 


America 


170 


1881 


Menai Bridge, Suspension Bridge 


176 




Colorado Bridge, America . . . 


201 


1889 


Chain Bridge in Budapest . . . 


202 


1 
1 


Chain Bridge in Bristol .... 


214 


J1862 


Sukkur Bridge 


241 


1886 
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3. Iron Bridges (continuation). 

Street Bridge over the Monogahela 
at Pittsburg, bridge made of 
stiflFened chains 

Railway Bridge over the Niagara 
Falls, America, wire-rope bridge 

Clifton Bridge over the Niagara 
Falls America 

Elbe Bridge, Hamburg, supported 
on pillars 

East River Bridge, between New 
York and Brooklyn, wire-rope 
bridge 

Bridge over the Firth of Forth . 

Hudson Bridge, New York, stiffe- 
ned suspension bridge . . . 



Railway Bridge at Graudenz . . 

Railway Bridge at Thorn . . . 

Syzran Bridge over the Volga, 
Russia 

Moerdy Bridge, Holland . . . 

Bridge over the Firth of Tay, 
Dundee 



Width 

of span { 

in m 



Year 
of com- 
pletion 



244 
250 
385 
420 



1875 



518 
521 



1869 



1870 



930 : — 




1438 
1470 

3200 



136 Li tteratur e . 



Litterature. 



Adams^ Strains in Ironwork. 

George, Pocket Book of calculations in Stresses. 

Buff, ^Schnellstatiker", Auskunftsbuck far statische Be- 
rechnungen. 

Buff, „Statiqne 6c]air^', Manuel de Renseignements pour 
Calculs statiques de constructions civiles. Vol. I. 

Buff, „Statique 6clair" pour les machines. Vol. II. j 



-M- 



Notes for statical calculations. 



Notes for statical calculations. 
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Notes for statical calculations. 



Notes for statical calculations. 
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Notes for statical calculations. 



Notes for statical calculations. 
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